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T HE SOYBEAN crop has an important place in corn-belt agriculture as a source of livestock feed. The hay 
is high in protein and lime content. It is recognized as 
an excellent roughage for dairy cows, beef cattle, and breed-
ing and r~.J.ttening sheep, as well as for work animals and 
growing colts. 
As a home-grown nitrogenous concentrate, the seed of 
the soybean has been rapidly gaining in favor. It is a valu-
able source of protein for dairy cattle, beef cattle, and sheep, 
also for brood sows, but no way has yet been found to use it 
in the rations of fattening swine without producing soft 
carcasses. Furthermore, from the feeding standpoint it is 
not a satisfactory supplement to corn for pigs weighing much 
less than 100 pounds. 
Soybean oil meal is an excellent protein supplement for 
all classes of swine, for dairy cows, beef cattle, sheep, and 
poultry. The seed, and therefore the meal, is deficient in 
minerals, and it consequently is advisable in swine feeding 
and absolutely necessary in poultry feeding to add a simple 
mineral mixture to the ration when using either the seed or 
the oil meal. 
Proper understanding of both the possibilities and the 
limitations of this crop as a livestock feed will add to its 
appreciation in the corn belt. 
By H. P . R usk, W. B. Nevens, W. G. Kammlade, J. L. Edmonds, 
C. W . Crawford, W . E. Carroll, and H. J. Sloan 
U rbana, Illinois April, 1931 
Rapid Increase in Soybean Acreage Brings 
Problem of Utilization 
DURING the past ten years soybean production has expanded more rapidly than outlets for the crop thru commercial and feed channels have developed. A clear view of the true relation of 
the crop to corn-belt agriculture has not been possible during this time 
because the demand for seed has overshadowed all else and practically 
set the price on the entire crop. As the rate of expansion declines and 
the demand for seed becomes a relatively smaller factor in the price 
situation, the bulk of the crop must find an outlet thru oil mills and 
as a feed for livestock. 
Valuable Addition to Livestock Rations 
Since most corn-belt grains are · deficient in protein and the seed of 
soybeans contains more protein than any other crop commonly grown 
in this area, the soybean offers unusual possibilities as a home-grown 
supplement to other grains used for feeding livestock. As hay, soy-
beans compare favorably with other legumes in palatability and feeding 
value. The possibility of the crop being utilized either as hay or as a 
concentrate makes it a double servant of the livestock industry. In 
whatever way it is used, however, it obviously comes into competition 
with some other crop or well-established practice. As a hay crop, soy-
beans must compete with such well-established crops as alfalfa, clover, 
and cowpeas, while as a protein concentrate for livestock, they are in 
competition with numerous standard by-products of the oil, milling, 
and packing industries. 
Cash Outlet Depends Largely on Demand for 
Oil and Meal 
The extent to which soybeans can be used primarily as a cash crop 
depends apparently upon the expansion of industrial uses for soybean 
oil as well as upon more general appreciation of the feeding value of 
the meal. At present the oil is encountering the customary resistance 
which all new products must meet. However, there seems to be good 
reason for believing that careful investigation of industrial uses will 
result in increased demand for the oil. 
The meal resulting from the removal of the major part of the oil 
from soybeans naturally contains a higher proportion of protein than 
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TABLE 1.-AVERAGE PERCENTAGE COMPOSITION OF SOYBEANS IN VARIOUS 
FORMS COMPARED WITH SOME OTHER FEEDS 
Dry Crude N -free Ether Ash Crude 
matter protein extract extract fiber 
Soybean seedt . .. ........... 88 . 8 37.1 22 . 2 17 . 1 4 . 8 8 .4 
Soybean oil mealt . .... .. .... 90 .0 41.6 30 . 7 5 . 5 6 .0 6.4 
Linseed meal 0. P.2 ......... 90 . 9 33 . 9 35.7 7 . 5 5 .4 8.4 
Cottonseed meal, choice2 . ... 92 .5 44.1 25.0 9 . 1 6 .2 8.1 
Tankage2 .................. 92.1 60.4 3.7 7.4 15 .3 5.3 
Soybean haya .. .. . .... . .... 81.9 11.2 32 . 7 2 .6 9 . 1 26 .2 
Soybean strawa ....... .. .... 93 . 2 4.0 38.5 1.0 5 .0 44 . 7 
Alfalfa haya ... ... . . ... ... . . 88 .4 15 . 5 36 .3 1.7 7.2 30 .0 
Red-clover hay2 .. ....... .. . 87 . 1 12.8 38 . 7 3.1 7.1 25 .5 
Sweet-clover hay2 ... . ...... . 91.4 14 . 5 40 . 1 2 . 2 7 . 2 27 .4 
I Illinois Agricultural Experiment Station, Department of Animal Husbandry. 2"Feeds and Feed· 
ing," Henry and Morrison, 18th ed. 3Illinois Station, Department of Dairy Husbandry. 
the original beans. This protein is of high quality and the meal should 
find a ready outlet as a livestock feed. Three factors are operating 
to stimulate interest in the use of soybean oil meal. 
First, there is at present a surplus of meal over the demands ·of the 
mixed-feed industry, so that for the first time soybean oil meal is gen-
erally available to midwest stockmen on a price basis that competes 
with other standard protein concentrates. 
Second, the trend during recent years toward uniformity of proc-
essing is resulting in the production of meal of more uniform and 
dependable feeding quality. 
Third, livestock feeders in the principal midwest bean-growing 
areas recognize the fact that the rapidly expanding production of beans 
cannot be maintained on a profitable basis without a corresponding 
expansion in the outlet for the meal. 
The object of this circular is to meet the demand for information 
on the feeding value of the crop and the meal. It sets forth the facts 
as they are at present understood. More investigational work must be 
done, however, before final statements can be made regarding the place 
of soybeans and soybean oil meal in corn-belt livestock production. 
H. P. RusK 
D epartment of Animal H usbandry 
Making Best Use of Soybeans in Feeding 
Dairy Cattle 
w. B. NEYENS 
Associate Chief in Dairy Cattle Feeding 
Good Reasons for Popularity of Crop 
AS A FEED for dairy cattle soybeans not only are extensively 
n_ employed at the present time but their use for this purpose is 
rapidly increasing. There are good reasons for the growing 
popularity of this crop on dairy farms in the corn belt: 
1. Soybean hay is high in protein and lime content, and the seed is a high-
protein concentrate, making the crop when fed in either form especially valuable 
for dairy cows. 
2. Soybean hay fed in place of nonlegume roughage or soybean seed used 
as a protein supplement greatly reduces the amount of purchased protein feeds 
necessary for' good milk yields. 
3. The soybean is an excellent emergency hay crop. The seed may be planted 
late in spring following winter-killing or germination failures of other crops, 
and the hay crop harvested early in fall. 
4. The soybean is adapted to a wide range of soil types. 
5. As a legume crop fed to dairy cattle, soybeans are of value in maintain-
ing and increasing the nitrogen content of the soil. 
Quality of Ration Favors Use As Hay 
The soybean crop yields a good acre-return when fed either as 
hay or as seed. There are many factors, however, that favor the 
use. of the crop as hay. 
The remarkable value of legume hays as feeds for milk produc-
tion has been demonstrated conclusively many times. No other kind 
of roughage known can take their place in furnishing protein at low 
cost and supplying large amounts of lime in a readily available form. 
Legumes are also excellent sources of vitamins, and their value in 
helping to keep dairy cattle in good health and condition would be 
hard to estimate. 
Alfalfa is the dairy hay supreme, but soybean hay ranks as high 
as alfalfa in lime and protein content. In Illinois soybeans thickly 
seeded under good conditions yield as much hay as red clover and 
sometimes as much as alfalfa. All these hays vary in quality, depend-
ing on the stage at which they are harvested, conditions of curing, etc. 
Fair estimates, however, place about equal values on red clover and 
soybean hay, pound for pound, and give them a rating of 70 to 90 
percent as compared with alfalfa. The remarkable palatability of soy-
bean hay is well known. It is relished by dairy cattle of all ages. 
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Thus it IS evident that in the absence of other legume hay the 
dairy farmer growing soybeans can make the best use of the crop, 
from the standpoint of quality of rations, by harvesting it as hay. 
Acre-Returns Better From Well-Matured Hay Than From Seed 
The comparative returns per acre in harvesting the soybean crop 
as hay or as seed must of course also be taken into account. If to 
harvest the crop for hay means great loss of feeding value (protein 
and total digestible nutrients), compared with the value of the crop 
TABLE 2.-FEEDING VALUE OF SOYBEANS PER ACRE WHEN HARVESTED AS 
HAY AND WHEN HARVESTED FOR SEED 
Yield per acre 
State and year Crop Amount Digestible Total 
of crop proteinl digestiblt 
nutrientsl 
lbs. lbs. lbs. 
Ohio2 
1922 ... ................ Hay, seeds %formed ..•... 6 896 641 2 758 
1922 .. . . ...... . ........ Seed at maturity .......... 887 340 834 
1923 .... ..... ........ . . Hay, seeds ~ formed . ..... 5 318 340 2 127 
1923 ................... Seed at maturity .......... 1 367 398 1 285 
Missouri3 
1925 . .................. Hay, pods filled . .......... 2 543 288 1 017 
1925 .......... . ........ Pods at maturity .......... 1 105 305 829 
1926 ................... Hay, pods~ filled ....•... 4 565 672 1 826 
1926 ................... Pods at maturity .......... 1 825 504 1 369 
Illinois4 
1919to1926 ............ Hay ... ............. . .... 4176 405 1754 
Seed. . . . . . . . . . . . . . . . . . . . . 1 392 452 1 239 
Straw..... .. . .. .......... 2 366 10 577 
Seed and straw... . . . . . . . . . 3 758 462 1 816 
tCalculated by using average analyses. 20hio Station Bulletin 384, 1925. 3Missouri Station Bul-
letin 279, 1930. 411linois Station Bulletin 310. Averages of 59 plots (16 varieties) harvested for hay and 
59 comparable plots harvested for seed and straw in the South-Central rotation, 1919-1926. 
if it is allowed to mature for seed, then this is a matter that deserves 
consideration, for after all the dairy farmer's income is dependent on 
the acre-returns of his crops as well as on the milk yields of his cows. 
Experiments conducted in several of the corn-belt states indicate 
that the acre-yield of digestible protein obtained by cutting the crop 
for hay after the pods are well filled is nearly as great as would be 
obtained in the seed of the mature crop, sometimes greater (Table 
2). The yield of total digestible nutrients also is fully as great in the 
hay as in the mature seed, and under some conditions the yield of 
total nutrients would be one and one-half to three times as great in a 
field of beans harvested for hay as would be secured from the mature 
seed alone. 
Assuming, then, that a dairy farmer growing soybeans is in need 
.: 
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oi legume hay, there are very great advantages in using the entire top 
growth for hay instead of harvesting for seed only. 
Returns From Hay Better Than From Straw and Seed 
The questions may be raised,. however, Why not thresh out the 
seed and feed the straw? Would feeding the mature seed ground 
as part of the concentrate mixture and the straw as roughage not give 
a greater net feeding value than feeding the crop as hay? 
Experiments at the Illinois Station indicate that the acre-yields of 
nutrients in soybean hay are slightly less than in seed and straw 
combined (Table 2). Considering the entire winter feeding period, 
however, hay is a better feed than comparable amounts of straw and 
seed owing to the fact that a large portion of the leaves-the part of 
the plant richest in lime and vitamins- is present in the hay but absent 
from the straw. If soybean straw were fed as the only roughage over 
a long period, this deficiency in lime and vitamins would likely make 
itself evident in decreased milk yields. 
While relatively poor as a roughage for high-producing dairy cows, 
soybean straw does have considerable value for dry cows and heifers, 
provided the animals are fed liberally and not forced to eat the coarse 
portions, and provided further that the straw is supplemented with 
some good legume hay. 
Dairymen Recognize Value of Beans in Grain Mixture 
There is no doubt of the value of soybean seed as a source of 
protein in dairy rations. Used in the grain mixture, soybeans have 
greatly improved dairy rations and increased money returns from the 
herd. 
Feeding trials at several experiment stations show that soybean 
seed is fully equal to linseed meal as a source of protein. Ground 
soybeans, of all the readily available high-protein feeds, also come 
nearest to linseed meal in their effects as a conditioner.1 If, therefore, 
linseed meal and ground soybeans are considered equal pound for 
pound in the dairy ration, the cash value of ground beans will range 
from $1.50 to $2.10 a bushel when linseed meal ranges from $50 to 
$70 a ton. Care must be used, however, in including soybean seed in 
the grain mixture when soybean hay containing seed is used as rough-
age, as noted on page 10. 
Thus many dairymen who lack the capital or the inclination to pur-
chase high-priced protein supplements find a solution to their problem 
1Wheat bran is probably next to linseed oil meal as a conditioner, but it is only 
medium-high in protein. 
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when they grow their own soybeans. The growing of this crop, to-
gether with alfalfa, red clover, and sweet clover, assures them an 
adequate supply of protein whenever prices of commercial protein 
supplements become too high. 
Should Beans Be Exchanged for Oil Meal? 
Considerable quantities of soybean oil meal, both imported and 
domestic, are being used in dairy cattle feeds. The domestic product 
is a high-grade feed, very palatable, slightly laxative in its effect, and 
3 to 8 percent higher in protein than s'"'yhean seed. The oil meal can 
be used more freely than the seed \vithout dulling the appetites of 
dairy cows. 
It is sometimes asked, Would it not pay to ship the beans to an 
oil mill and feed the meal remaining after extraction of the oil, as-
suming that the exchange is made without expense to the grower of 
the beans? To answer this question, the relative feeding values of the 
two feeds must be considered. 
A ton of soybeans yields about 1 ,600 pounds of oil meal and 250 
pounds of oil. The feeding value of this oil, if fed in the ground seed, 
would be equivalent to about 560 pounds of cornstarch. This means, 
that altho the meal is a more valuable feed pound for pound than 
the beans, one could not afford to sacrifice the feeding value of the 
oil when the seed is in itself an excellent feed.-
When, however, it is necessary to purchase a protein feed, and both 
soybean seed and soybean oil meal are selling at the same price, the· 
oil meal is, as a rule, the more economical feed on account of its 
higher protein content, greater palatability, and the fact that it is 
ground ready for use. 
Soybeans for Silage 
Dairy farmers sometimes grow soybeans and corn together for 
silage; they also use soybeans alone for silage. Several reasons are 
given for the practice of companion cropping. Some think that the 
combination gives a greater yield of total nutrients to the acre and also 
that the protein content of the silage is increased thereby. 
Experiments at the Illinois Station/ show, however, that when corn 
and soybeans are grown together the yield of total nutrients is not 
appreciably affected, for the reduction in corn yields equals or even 
exceeds the yield of beans. The yield of protein, on the other hand, 
may be greater in the combination crop than in corn alone if all the 
1Illinois Station Bulletin 310, page 497, 1928. 
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beans are saved when the crop is harvested; in the above experiments 
it was 40 to 100 pounds greater in the combination crop. This increase 
in protein means a worth-while increase in the crop-value per acre for 
milk production. The saving of the beans, however, is sometimes a 
difficult matter. Another limitation to the combined crop is that unless 
the beans form a large part of it, which of course would mean a reduc-
tion in the proportion of corn, the increase in the protein content of the 
silage is very slight. The soybean is better adapted than are other 
legumes for use as a silage crop with corn because it is ready for 
harvest at the same time as corn. 
Soybeans can be ensiled successfully if allowed to d1y in the field 
until the moisture content is reduced to 60 percent. A more success-
ful method is to mix alternate loads of soybeans and corn. Legumes 
at best, however, do not make as satisfactory silage as corn. 
Growing Soybeans for Hay 
A common method of planting soybeans for hay is to drill them 
solid. This method is believed to give hay with finer stems than is 
obtained in cultivated rows, and thus to increase the feeding value of 
the hay. Hay from beans grown in cultivated rows has been found, 
however, to have a higher protein content than that from drilled beans. 
This may be caused by the development of more seed in the row 
beans, by fewer weeds, or by the presence of more nitrate in the culti-
vated soil. The increase in protein per acre in the row beans may be 
as much as 150 pounds, an amount that it would take more than 400 
pounds of linseed oil meal to supply. 
When soybeans are drilled solid at low rates of seeding, they are 
likely to have coarser stems than are thickly planted beans. In some 
Illinois feeding experiments the amounts of refused hay (coarse stems) 
ranged from 120 pounds per ton in hay from thickly seeded plots to 
360 pounds in hay from thinly seeded plots. Weeds were most plenti-
ful in the crop seeded at the lowest rate and least plentiful in the most 
heavily seeded plot. Weeds, as a rule, are low in feeding value. 
The best time to cut soybeans for hay is a problem that still awaits 
a satisfactory answer. Early-cut hay is easier to cure, retains its leaves 
better, has finer stems, and is of finer grade than hay from late-cut 
beans, but the yield is much lower. In 1930 a 22-acre field of beans 
at the Illinois Station was harvested for hay during different stages 
of development. The hay was baled in the field and stored for a 
feeding trial with dairy heifers. The yields and protein content of the 
different cuttings are shown in Table 3. It is evident from these data 
that early cutting means a sacrifice in yield of hay to the acre. 
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TABLE 3.-YIELDS OF HAY AND PROTEIN FROM SOYBEANS HARVESTED AT DIFFERENT 
STAGES OF DEVELOPMENT: lLLINI VARIETY PLANTED AT URBANA IN 
24-INcH Rows, MAY 23, 1930 
Plot No. 
1 .. 0 •• 0 . 0 . 0 0. 0 . 0 . 0 . 0 0 
2 .. . . .. 0 0 0. 0 0 0 0 0. 0. 0 0 
3 . 0. 0 0 0 0. 0. 0 . 0 0 0 • • 0 0 0 
4 .. 0 0 0 0 0 0 •• 0 •• • 0 •• •• 0 
50 0 0. 0. 0. 0 0 0 •• • • • 0 0 0 0 
Date of 
harvest 
July 31 
Aug. 13 
Aug. 27 
Sept. 9 
Sept. 17 
Stage of 
development 
Full blossom . . .. .. . . . . . . 
Pods forming .. . . ...... . 
P ods filled ... .. ........ . 
Seedripening,leaves falling 
Seed ripe , half of leaves 
fa llen . ............ . . . 
Feeding Soybean Hay 
Yield of 
thoroly dry hay 
per acre 
lbs. 
2 100 
2 900 
4 300 
4 100 
3 700 
Protein 
in hay 
per ct. 
15.0 
14.4 
14 .8 
15.8 
16 .4 
It is possible to feed too much soybean hay to dairy cattle. When 
soybean hay containing seed forms the principal or only roughage, the 
appetite is likely to become dull. Sometimes as much as one-fifth of 
the hay by weight consists of seed and when hay of this character is fed 
in connection with a grain mixture containing soybean seed an overlaxa-
tive condition often results. This condition can be avoided and greater 
roughage consumption secured if another kind of roughage, such as 
red-clover hay, or even some co~n stover, is fed in connection with the 
soybean hay. Another alternative is, of course, to reduce or omit the 
soybeans in the grain mixture, using another high-protein feed in their 
place. 
Because dairy cows refuse the coarser parts of soybean hay, ques-
tions are often raised regarding the economy of feeding the hay in 
ground form. Grinding does reduce the amount of hay refused, but 
Growing legumes for year-round feeding, such as sweet clover for pasture 
and soybean hay for winter, not only increases milk yields but lowers the cost 
compared with the use of nonlegumes. 
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one can hardly afford to grind a ton of hay simply to get the cows 
to eat coarse stems that are almost negligible as a source of protein. 
When good-quality soybean hay is fed in whole form in reasonable 
amounts, the refused part consists almost entirely of coarse stems. 
These stems are about SO percent fiber and only 3 to 5 percent protein 
(according to analyses of many samples taken from mangers during 
dairy feeding experiments at this Station), and most of this protein 
is in a form that is not available to the animal. Cutting the hay by 
means of a silo filler in an experiment at the Illinois Station lessened 
the amount of refused feed nearly as much as did grinding and took 
only one-fifth as much labor and power. 
A serious difficulty with ground and cut hay which was encountered 
in these experiments was the large amount of dust that resulted from 
grinding. This not only greatly irritated the throats of the men but 
also filled the air of the milking stable when the hay was fed. The 
dust settled on the cows as well as on the equipment and prevented 
the production of high-grade milk. The dust can be lessened somewhat 
by mixing the ground hay with ground grain, but this makes it diffi-
cult to feed the grain in proportion to milk production, one of the 
fundamental rules in economical feeding. 
Effect of Soybeans on Milk and Butter 
Complaints have been received from several parts of Illinois that 
soybeans produce undesirable flavors in milk and cream. In experi-
ments at this Station, however, the feeding of soybean hay in large 
amounts as the only roughage had no detectable effect on the flavor of 
milk, cream, butter, or skim milk. This was true of very moldy soy-
bean hay as well as hay of excellent quality. The rations were all 
balanced with respect to protein and contained a variety of feeds. 
When ground soybeans formed 10 to 25 percent of the grain mix-
ture and clover hay the roughage, the flavor of the products was not 
affected, but when the higher proportions of beans were fed, the body 
of the butter was slightly gummy. This lowered the score of the butter 
one to two points, which, of course, is an objection from the com-
mercial standpoint. 
More recent experiments at the South Carolina Station confirm the 
results of the tests made at Illinois. 
Soybeans for Beef-Cattle Feeding 
'H. P. RusK 
Chief in Cattle Husbandry 
T HE SOYBEAN plant offers some very interesting possibilities to ·the cattle breeder and feeder. Besides possessing some of the valuable features of our well-established legumes, such as the 
clovers and alfalfa, it makes possible the production of a home-grown 
nitrogenous concentrate that is a satisfactory source of protein for 
cattle. 
When grown alone, soybeans do not make as satisfactory pasture 
for beef cattle as do red clover, alfalfa, or sweet clover. Grazing mate-
rially reduces growth, and trampling causes a large waste of feed and 
damages the growing plant. Some preliminary work at the Illinois Sta-
tion with a combination of soybeans and sudan grass, however, appears 
to justify the hope that soybeans in combinations with other plants may 
have a place as a pasture crop, at least in emergencies. 
Hay a Valuable Roug~age for Fattening Cattle 
While some varieties of soybeans produce a coarse, wasty hay, 
the best soybean hay compares favorably with other legumes in pal-
atability and, when considered on the basis of amounts actually con-
sumed, is practically as efficient as clover or alfalfa. 
Experiments conducted at the Purdue Station comparing soybean 
hay and clover hay for fattening two-year-old steers indicate that good 
soybean hay is slightly superior to clover hay as a roughage for this 
purpose (Table 4). 
In the Purdue experiment a lot of 10 two-year-old steers was fed 
a ration of shelled corn, cottonseed meal, corn silage, and clover hay; 
another lot was fed a similar ration except that soybean hay was 
substituted for the clover hay. The lot that received clover hay made 
an average daily gain of 2.41 pounds per head during the 140-day 
feeding period, the soybean-hay lot gained 2.59 pounds. There was 
an insignificant difference in amounts of feed consumed by the two lots. 
The feed cost per hundredweight gain, however, was markedly in 
favor of the soybean-hay lot even when soybean hay and clover hay 
were charged at the same price. 
The Ohio Station conducted experiments comparing clover and 
soybean hay for fattening steers and reported the amounts of hay 
refused (Table 5). One lot of yearling steers receiving an average 
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TABLE 4.-SOYBEAN HAY FOR FATTENING Two-YEAR-OLD CATTLE: 
10 STEERS IN EACH LoT FED 140 DAYs1 
(Weights expressed in pounds) 
Ration .• ..•...•..... . ...... .. .. • ....... . ... . .. ... ... 
Average initial weight .................. .... .. ....... . . 
Average daily gain ................................... . 
Average daily ration 
Shelled corn ....... . . ......... . ....... . . . .......... . 
Cottonseed meal ................................... . 
Silage ........................................... · · 
Hay ....................•........................•. 
Feed for 100 pounds gain 
Shelled corn ..... . ................. . ............. . . . 
Cottonseed meal. .. ... .......... . ........... . . . ... . . 
Silage ............................................ . 
Hay ........ . . . ...•... .. ........... . . . .... . .. .. .... 
Selling price in lot .. .. ....................... . ...... . . 
Pork produced per steer .......... .. .................. . 
!From Indiana Station Bulletin 330, 1929. 
Shelled corn, 
cottonseed meal, 
corn silage, 
clover hay, 
salt 
851 
2 . 41 
12.60 
2.37 
22.98 
4.58 
522 
98 
952 
190 
$ 8 .05 
43 
Shelled corn, 
cottonseed meal, 
corn silage, 
soybean hay, 
salt 
846 
2.59 
12.66 
2 . 37 
23.40 
4.34 
489 
91 
904 
167 
$ 8.20 
50 
TABLE 5.-SOYBEAN HAY VS. CLOVER HAY FOR FATTENING YEARLING CATTLE: 
10 STEERs IN EAcH LoT FED 154 DAYs1 
(Weights expressed in pounds) 
Average initial weight .. .. ... .. ................. . ... .. . 
Average daily gain ........................... . ....... . 
Average daily ration 
Shelled corn ....................................... . 
Clover hay . ..... .. ... ............. . ... . ... . . . .. .. . . 
Soybean hay .. ....... ..... ... .... .. . .. ... . .... ... . . 
Corn silage . ...... .. .. ............................. . 
Feed for 100 pounds gain 
Shelled corn ......... . . ....... . . . .. . .. . ....... ... .. . 
Clover hay ... . .................................... . 
Soybean hay ... .. . .. . . ... . ..... . ....... ..... .. .. . . . 
Corn silage ...........•............................. 
Clover hay 
647 
2.16 
11 . 3 
4.3 
15.2 
523 
200 
704 
Selling price in lots. . . . . . . . . . . . • . . . . . . • . . . . . . . . . • . . . . . . $ 9 . 60 
Returns from pork per steer.. . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 30 
!Ohio Station Monthly Bulletins, Vol. 9, pages 175-184, 1924. 
Soybean hay 
642 
2.22 
11.3 
4 .6 
15.8 
511 
208 
712 
$ 9 .35 
2.24 
daily ration of 11.3 pounds of shelled corn, 4.6 pounds of soybean hay, 
and 15.8 pounds of corn silage refused 3.71 percent of the hay fed. 
A similar lot of cattle fed the same kind of ration but in which clover 
hay was substituted for soybean hay refused only 2.53 percent of the 
hay. 
These Ohio experiments are in agreement with those conducted at 
Purdue in that the cattle fed soybean hay made slightly more rapid 
gains than those fed clover hay and the feed cost of gains was slightly 
lower for the soybean-hay lot. 
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Tests Indicate Straw Has Worth 
Experiments conducted at the Illinois Station indicate that threshed 
soybean straw may have value for the livestock producer. Of course, 
when compared with soybean hay, the threshed straw contains much 
less leaf and relatively more stem and coarse parts which are not 
relished by livestock, and consequently there is a much greater waste. 
Choice feeder steers weighing approximately 1,100 pounds and 
carrying sufficient flesh to be suitable for a short feed were fed for 
90 days in one trial (Table 6). Both lots received shelled corn and 
TABLE 6.-SOYBEAN STRAW AS A SUBSTITUTE FOR CORN SILAGE FOR F ATTENING 
Two-YEAR-OLD STEERS, 1922: 10 STEERS IN EACH LOT F E D 90 D AYS 
(Weights expressed in pounds) 
Ration .... . .......... . .......... . . . ...... . . ... . .... . 
Average initial weight . . . .. . . . .. .... . ..... . ........... . 
Average daily gain ...................... .. .. . . . . ..... . 
Average daily ra tion 
Shelled corn ............ ........ ..... .. .. ... ... . ... . 
Soybean oil meal. .......... . ...... .. . ........ . .... . . 
Silage . . .. . ..... ......... ................. .... . ... . 
Soybean straw ........... ....... .............. ... .. . 
Feed for 100 pounds gain 
Shelled corn ................ ............. . .... . .... . 
Corn silage .. ......... . .. .. . . . ... .. .. .. ............ . 
Soybean straw . ..... .. ..... . . . . . . ... ... .. .... ...... . 
Soybean oil meal .... .. .. . .. ........................ . 
Shelled corn, 
soybean oil meal, 
silage 
1 094 
3.50 
19.73 
3 . 27 
23.83 
564 
681 
93 
Shelled corn, 
soybea n oil meal, 
soybean straw 
1 130 
3.51 
20.50 
3.42 
11.40 
574 
318 
96 
soybean oil meal in the ratio of 6 pounds of shelled corn to 1 pound 
of soybean oil meal. In addition one lot received corn silage and the 
other lot soybean straw. 
These steers were fed from October 21 to January 5 in open lots 
without shelter except for a hedge. fence on the west side of the lots. 
Under such conditions it was impracticable to attempt to secure a rec-
ord of the straw refused. An average of 11.4 pounds was offered and 
the waste was relatively large. The average daily gains and the feed 
cost per hundredweight of gain were practically the same in the two 
lots. 
Soybeans Prove Value on Acre Basis 
Farmers who make beef production a major enterprise are inter-
ested in the amounts of beef that can be produced from a given acre-
age of crops. In trying to answer this question, the Tennessee Station 
has brought to light some interesting and valuable information m 
regard to the value of soybeans as a feed for beef cattle. 
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In one of the earlier Tennessee experiments (Table 7) three lots 
of 4 steers each were fed in covered pens from an acre each of corn, 
soybeans, and cowpeas, so that each lot received only the product of 
one acre in addition to a basal ration of 20 pounds of corn silage per 
head daily. The crops were plant~d, cared for, and harvested just as 
ordinary farm crops are handled. The corn was harvested and cured in 
the field, the ears being made into corn-and-cob meal and the stalks 
cut in a silage cutter. The soybeans and cowpeas were also cured in 
the field and the beans and peas threshed out and ground into a coarse 
meal. The roughages and concentrates were weighed and thoroly 
mixed before feeding. 
TABLE 7.-COMPARISON OF ACRE-VALUE OF SOYBEANS, COWPEAS, AND CORN FOR 
CATTLE FEEDING: 4 STEERS IN EACH LOT1 
Concen- Average Concen-
trates Roughage Silage daily trates 
eaten eaten eaten gain per pound gain 
lbs. lbs. lbs. lbs. lbs. 
1906 
Lot 1 Soybeans .•........ 1 133 3 585 6 814 1.27 2. 78 
Lot 2 Cowpeas . ......... 751 2 404 4 240 1.21 2.87 
Lot 3 Corn ..... . ........ 2 450 1 912 4 320 .59 19.10 
1907 
Lot 1 Soybeans .......... 1 184 3 280 6 640 1. 68 2.19 
Lot 2 Cowpeas .......... 751 2 404 4 400 1. 51 2.29 
Lot 3 Corn ...... . . . .. . .. 2 455 1 632 4400 .94 12 . 06 
!Compiled from Tennessee Station Bulletin 79, 1908. 
In the first year's trial the acre of soybeans proved superior to the 
acre of cowpeas or corn as a supplement to the basal ration of 20 
pounds of corn silage daily. This result was so unexpected that a 
second trial was made, but the second trial only confirmed that of the 
first year in demonstrating the superiority of the soybeans. In addi-
tion, the acre of soybeans furnished supplementary feed for 4 steers 
for 80 days, while the corn and cowpea areas lasted only 54 days. 
Several years ago the Tennessee Station began a series of experi-
ments to determine the amounts of beef that the crops from an acre 
of land would produce (Table 8). Eventually 7 acres were used for 
steer feeding. Barley was planted on the land in the fall and harvested 
the following spring in time to plant soybeans, cowpeas, and corn. 
The barley grain was fed with the other crops produced on the same 
acre. In this way greater gains were obtained. In all this work a basal 
ration of 20 pounds of corn silage was fed per head daily. The grains 
were ground and the hays and stovers cut up. 
When the returns over a term of years are considered, alfalfa hay 
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TABLE 8.-GAIN P~R ACRE FROM VARIOUS CROPS FED TO CATTLE1 
(Gains expressed in pounds) 
1908 1909 1910 1911 1912 1913 1914 
------------
Barley and soybeans ........... 673 632 609 420 364 367 494 
Barley and cowpeas ......•..... 529 561 441 305 366 528 370 
Barley and corn .•.••..••...... 602 476 708 350 169 355 378 
Barley and soybean hay ........ ... 617 461 393 241 518 372 
Wheat and soybeans ........... ... ... . .. 354 347 493 412 
Oats and soybean hay .....••... ... . .. 758 570 400 485 367 Alfalfa hay ...•...•.......... . ... ... 302 431 581 502 
!Compiled from Tennessee Station Bulletin 114, 1915. 
Aver· 
age 
--
508 
451 
434 
435 
402 
456 
515 
and the combination of soybeans and barley stand out in these Ten-
nessee experiments as the best producers of beef considered from an 
acre basis. 
Soybeans Can Be Used With Corn in Silo 
Soybeans offer possibilities as a roughage in still another form, and 
that is as a component of silage. Except in emergencies, they cannot 
be recommended as the sole constituent of silage, for like other legumes 
siloed alone they produce a rather bitter silage with a strong, disagree-
able odor. Siloed with corn, however, they are very satisfactory. 
The Indiana Station/ as a result of a series of four tests, reports 
very little difference in the feeding value of normal corn silage and a 
combination silage composed of approximately 2 parts corn harvested 
at the right stage of maturity for silage and 1 part soybeans harvested 
at the right stage of maturity for hay. 
Considered as a whole, the Indiana tests indicate that when no 
nitrogenous supplement is fed, the combination of corn and soybeans 
produces slightly more rapid gains than normal corn silage, and the 
gains are made at a lower feed cost. When cottonseed meal is fed, 
there is practically no difference in the efficiency of the two silages as 
measured either by rate of gain or by cost of gains. 
The two kinds of silage appeared to be of equal palatability, but in 
some of the trials the corn-soybean silage had a more laxative effect 
than the straight corn silage. 
Soybean Seed a Valuable Source of Protein 
While the possibilities of the soybean plant as a source of efficient 
roughage are well established, the greatest interest of the animal hus-
bandry investigator and the livestock producer centers on the use of 
the seed and its by-products as a protein supplement in rations in which 
liberal use is made of corn. 
1Indiana Station Bulletin 255, 1921. 
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TABLE 9.-COTTONSEED MEAL AND WHOLE SOYBEANS AS SUPPLEMENTS TO RATIONS 
FOR FATTENING Two-YEAR-OLD CATTLE,1 AVERAGE OF Two ExPERIMENTS: 
10 STEERS IN EACH LOT EACH YEAR FED 150 DAYS 
(Weights expressed in pounds) 
Ration ............................................. . 
Average initial weight ................................ . 
Average daily gain ................................... . 
Average daily ration 
Shelled corn ....................•. ...... ............ 
Supplement .............................. . ........ . 
Silage ............................................ . 
Hay ..•............................................ 
Feed for 100 pounds gain 
Shelled corn ....................................... . 
Supplement ....................................... . 
Silage ............................... .. ........... . 
Hay .............................................. . 
Selling price in lot ..... .. ............................ . 
Pork produced per steer . ................... . ..... . ... . 
!From Indiana Station Bulletin 330, 1929. 
Shelled corn, 
soybeans, 
silage, 
clover hay, 
salt 
897 
2.51 
12.35 
2.28 
24.13 
3.50 
492 
91 
961 
139 
$ 9.33 
67 
Shelled corn, 
cottonseed meal, 
silage, 
clover hay, 
salt 
897 
2.29 
12.30 
2.29 
26.20 
3.69 
538 
100 
1 146 
162 
$ 8.95 
50 
No other feed crop commonly grown on corn-belt farms produces 
grain so high in protein as does the soybean .. A large number of in-
vestigators have studied the seed from the standpoint of its chemical 
properties as well as its feeding value, and all agree that the proteins 
of soybeans are exceptionally good. Hence it is not surprising that the 
soybean is growing in favor as a home-grown nitrogenous concentrate. 
That equal amounts of protein from different sources may not be 
equal in nutritive value has been known for some years, many inves-
tigators having demonstrated the importance of quality as ·well as quan-
tity in a protein feed. The value of a protein for livestock feeding, 
depends, it has been shown, on the abundance or scarcity of certain 
essential amino acids. The quality of a protein is expressed by its 
"biological value," which is the percentage of the digested protein that 
may be stored in the animal as body tissue. Investigations at the Uni-
versity of Illinois1 have shown that soybean protein has a high bio-
logical value as compared with many of the other vegetable proteins. 
The important role that soybeans might play as a source of protein · 
for cattle feeding is demonstrated by many experiments. A recent 
bulletin from the Purdue Station reports exceptionally good results 
with whole soybeans as a protein supplement for two-year-old steers 
(Table 9). An average daily gain of 2.51 pounds was made by steers 
1Mitchell, H. H., and Villegas, Valentine. The nutritive value of the proteins of co-
eonut meal, soybeans, rice bran and corn, Jour. Dairy Sci. 6, 222·236, 1923. Mitchell, H. H., 
and Hamilton, T. S. The biochemistry of the amino acids, 535, The Chemical Catalog Com-
pany, Inc., New York, 1929. 
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fed soybeans as a supplement to a ration of shelled corn, corn silage, 
and clover hay, while with cottonseed meal as the protein supplement 
the gain was 2.29 pounds per head daily. 
Some of the difficulties encountered in using soybeans as a protein 
supplement for hogs are suggested elsewhere in this circular. Fortu-
nately soybeans do not appear to be responsible for a similar condition 
in cattle carcasses. Whole or ground soybeans do have a tendency to 
scour cattle when not fed with care, and cracked or ground beans may 
become rancid and unpalatable, especially in warm weather. 
Conflicting Results With Soybean Oil Meal 
Whole soybeans are reported by the Purdue Station to have given 
as good results as soybean oil meal in an experiment with two-year-old 
steers.1 This finding is contrary to results obtained in a test at the 
Illinois Station in which calves were used. 
In the Illinois experiments four lots of choice 380-pound Hereford 
calves were fed a basal ration of shelled corn, corn silage, and alfalfa 
hay during a 200-day fattening period (Table 10). In addition to this 
basal ration, one lot received whole soybeans; another, ground soy-
beans; a third, soybean oil meal; and the fourth lot, cottonseed meal. 
The average daily gains for the entire period were as follows: 
lbs. 
Whole-soybean lot .............. ............. . . ......... .. .... . . 2.26 
Ground-soybean lot .................... . . ............ . . .... ..... 2.11 
Soybean-oil-meal lot ........... .... .. . .................. . .. . ..... 2.36 
Cottonseed-meal lot ............................................. 2.35 
Thus soybean oil meal proved equal to cottonseed meal as a protein 
supplement for calves and superior to both whole beans and ground 
beans. That whole beans are superior to ground beans for beef cattle 
is the practically unanimous opinion of investigators. 
Comparisons of soybean oil meal and -cottonseed meal for two-year-
old steers have given conflicting results at the Illinois Station. In one 
test (Table 11) the cattle fed soybean oil meal did very well for the 
first 80 days, but went off feed and lost weight during the last six days, 
so that at the end of the 90-day feeding period, the average daily gain 
for the cottonseed-meal cattle was 3.93 pounds; and the soybean-oil-
meal cattle, 3.50 pounds. This was old process meal, and chemical 
analysis showed that it contained 6.96 percent of fat. In another trial at 
this Station (Table 12), two-year-old steers receiving soybean oil meal 
with a basal ration of ground corn, corn silage, and alfalfa hay made 
an average daily gain of 2.91 pounds, while similar cattle receiving 
cottonseed meal and the same basal ration gained 2.77 pounds. 
1Indiana Station Bulletin 281, 1924. 
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TABLE 10.-SOYBEANS AND SOYBEAN PRODUCTS AS NITROGENOUS CONCENTRATES FOR 
FATTE NING CALVES, 1926-27: 15 CALVES IN EACH LOT FED 200 DAYS 
(Weights expressed in pounds) 
Nitrogenous concentrates fed ..... .. .. .. . . . 
Average initial weight ................... . 
Average daily gain ........ .. ........ . ... . 
Average daily ration 
Shelled corn .......................... . 
Nitrogenous concentrate ........ .. .... . . 
Corn silage ........ . ............... .. . 
Alfalfa hay .... ......... ............ . . 
Feed for 100 pounds gain 
Shelled corn .......................... . 
Nitrogenous concentrate ............... . 
Corn silage .......................... . 
Alfalfa hay ........ .. ........... . .... . 
Whole 
soybeans 
380 
2.26 
8.95 
1.34 
8.10 
2.00 
395 
59 
358 
88 
Selling price in lotl.... . . . . . . . . . . . . . . . . . . . $11.15 
Gain of hogs per steer. . . . . . . . . . . . . . . . . . . . 28 
Corn fed hogs per steer. . . . . . . . . . . . . . . . . . . 32 
Dressing percentage..................... . 60.0 
lEstimated Chicago value less 1 per hundredweight. 
Ground Soybean Cottonseed 
soybeans oil meal meal (7 calves) 
377 379 379 
2 . 11 2.36 2.35 
8 .45 9 . 12 10.08 
1. 27 1.35 1.48 
8.10 8 . 12 8.08 
2.00 2.00 2.00 
401 387 428 
60 57 63 
385 344 343 
95 85 85 
$10.85 $11.60 $11.85 
39 24 38 
37 28 42 
60 .3 61.2 2 
2Not slaughtered with others. 
TABLE 11.-SOYBEAN OIL MEAL VS. COTTONSEED MEAL FOR Two-YEAR-OLD STEERS: 
OCTOBER 7, 1922, TO jANUARY 5, 1923, 90 DAYS 
(Weights expressed in pounds) 
Average initial weight . .......... . ... . ........ ... .. . .. . 
Average daily gain . ............. . . . .. ...... .. . ....... . 
Average daily feed consumed 
Shelled corn .. ....... ..... ............. .. .. .... ... . . 
Cottonseed meal .... . .. .... ....... ... ... . .... . ..... . 
Soybean oil meal .... . . .... ...... .. ............ .... . 
Silage ............................................ . 
Feed per pound gain 
Shelled corn . ...... .............. . .... . .. .. ........ . 
Cottonseed meal. .................................. . 
Corn silage ........... .. . . ......... ... ...... ... . ... . 
Soybean oil meal ... ... ...... ........ ..... ..... ..... . 
Lot 1 
Shelled corn, 
cottonseed meal, 
silage 
1 116.5 
3 . 938 
22.108 
3.685 
24.502 
5 . 680 
. 947 
6.220 
Lot 3 
Shelled corn, 
soybean oil meal, 
silage 
1 094.0 
3.50 
19.731 
3 . 270 
23.828 
5.637 
6.807 
.934 
Yearling steers were used at the Illinois Station during the fall and 
winter of 1918-19 in a comparison of linseed meal and ground soybeans 
as a supplement to silage in a stocker ration for the first 116 days and 
as a nitrogenous concentrate for full-fed steers on a basal ration of 
shelled corn and silage during the succeeding 112 days (Table 13). The 
gains were almost identical for the two lots during both the stocker 
and full-feeding periods, the average daily gain for the entire 228 days 
being 1.93 pounds in the linseed-meal lot and 1.95 pounds in the 
ground-soybean lot. It should be noted that the period of full feeding 
did not extend into warm weather, and thus the effect that rancid 
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TABLE 12.-SoYBEAN OIL MEAL vs. CoTTONSEED MEAL FOR Two-YEAR-OLD STEERs: 
AUGUST 1~ TO NOVEMBER 24, 1923, 105 DAYS 
(Weights expressed in pounds) 
Average initial weight ... ...... . .... .. ... .. . . .. ... .... . 
Average daily gain ................................... . 
Average daily feed 
Ground corn .............. .... .................... . 
Soybean oil meal .... .. .. ... .... . .. .. ..... ... . ..... . . 
Cottonseed meal. .................................. . 
Corn silage ...................... ....... ... ..... .. . . 
Alfalfa hay ........................................ . 
Feed per 100 pounds gain 
Ground corn .. . ............ .... ......... ... ... .. .. . 
Soybean oil meal. ..... ... ....... ... . ... ... ... .... .. . 
Cottonseed meal. .................... . ..... ... . .... . 
Corn silage ........................................ . 
Alfalfa hay ........................................ . 
Lot 1 
Ground corn, 
soybean oil meal, 
corn silage, 
alfalfa hay 
936 . 9 
2.91 
16 .51 
1.99 
14.93 
2 . 67 
566.56 
68.16 
512 .42 
91.60 
Lot2 
Ground corn, 
cottonseed meal, 
corn silage, 
alfalfa hay 
937.5 
2. 77 
16.97 
2.04 
15 .04 
2.65 
612.69 
. 73:5i 
543 . 12 
95 . 70 
TABLE 13.-GROUND SOYBEANS VS. LINSEED OIL MEAL FOR YEARLING STEERS, 
1918-19: 10 STEERs IN EAcH LoT 
(Weights expressed in pounds) 
----------------------1 Linse~d~A meal 
Average initial weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 675 
Lot2 
Ground soybeans 
671.5 
Preliminary period (without corn), August 27 to December 21, 1918, 116 days 
Average daily feed 
Ground soybeans ... ......................... .. .... . 
Linseed oil meal ................................... . 
Corn silage ............................ ... ... . ..... . 
Average daily gain ............ . .. . . ..... .. ... .... .... . 
Feed per pound gain 
Ground soybeans .................................. . 
Linseed oil meal ............................. .. .... . 
Corn silage ........................................ . 
2.5 
43 . 72 
2.35 
.. i:o6 
18 . 61 
2 .5 
. 43 : 7i 
2 .34 
1.07 
18 .72 
Fattening period (with corn), December 21, 1918, to April 12, 1919, 112 days 
Average daily feed 
Shelled corn . .. . ...... .. ............... .. ... . .... .. . 
Ground soybeans .... ............. ... ...... . . ...... . 
Linseed oil meal ............... ... . .............. . . . 
Corn silage .... . ................................... . 
Average daily gain ............................ ·.· ..... . 
Feed per pound gain 
Shelled corn ... ... ........... .. ... ...... ... .... ... . . 
Ground soybeans .................................. . 
Linseed oil meal . .. ..................... ...... ... .. . 
Corn silage . . ..... . ... ... . ....................... . . . 
13 . 09 
2.5 
27.18 
1. 54 
8.53 
1.63 
18 .2 1 
12.98 
2.49 
20 . 95 
1.59 
8.14 
1.56 
13 . 14 
ground beans have often been observed to have on the appetites of 
full-fed cattle was avoided. 
Another test at the Illinois Station involved a comparison of ground 
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Soybean oil meal is a satisfactory protein supplement for corn-belt cattle-
feeding rations. The above picture was taken during the course of the second 
trial comparing cottonseed meal and soybean oil meal for two-year-old steers 
(Table 12) and shows the type of equipment used in both trials. 
soybeans and cottonseed meal as supplements to corn silage for summer 
maintenance of beef breeding cows suckling calves. The ground soy-
beans gave fully as satisfactory results as the cottonseed meal. There 
were 5 cows and 4 calves in each lot. The cows received an average 
daily ration of 40 pounds of corn silage and 1 pound of supplement. 
The cows that received cottonseed meal made a gain of 56 pounds a 
head during the 175-day period. The cows receiving ground soybeans 
made an average gain of 104 pounds. The difference in these gains is 
not considered significant. The significant fact is that these cows 
maintained their weights and remained healthy and vigorous on both 
rations. 
Summary 
On the basis of the available experimental evidence, the following 
conclusions concerning the value of soybeans for beef cattle appear to 
be justified. 
1. The soybean plant may be used profitably as a roughage in cattle-
feeding operations. For this purpose, both soybean hay and soybean 
straw have demonstrated value. 
2. The waste due to coarse stems is usually large when either soy-
bean hay or soybean straw is fed. 
3. On the basis of actual amounts consumed, the efficiency of soy-
bean hay compares favorably with that of other legumes. 
4. Soybeans alone do not make satisfactory pasture for beef cattle. 
5. Soybeans in combination with corn make good silage. 
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6. No other feed crop commonly grown on corn-belt farms pro-
duces grain so high in protein as does the soybean, and these proteins 
have a high biological value. 
7. Soybean seed and soybean oil meal are valuable sources of pro-
tein for both breeding and fattening cattle. 
8. Grinding soybeans reduces their value for beef cattle. 
Illinois Station Bulletins on Soybean 
Production and Feeding 
Following is a list of the comparatively recent 
bulletins issued by this Station on the growing of 
soybeans and their value in livestock feeding. 
Each bulletin reports the results of a definite in-
.vestigation or series of investigations at the 
Station. 
Soybean Production in Illinois. Bul. 310, 68 pp., 1928. 
Illini Soybeans. Bul. 335, 12 pp., 1929. 
The Soybean Crop for Fattening Western Lambs. 
Bul. 260, 16 pp., 1925. 
Soybean Hay and Sweet-Clover Pasture for Grow-
ing Purebred Draft Fillies. Bul. 292, 16 pp., 
1927. (Out of print) 
The Digestibility and Metabolizable Energy of Soy-
bean Products for Sheep. Bul. 303, 64 pp., 1928. 
Effect of Soybeans and Soybean Oil Meal on Qual-
ity of Pork. Bul. 366, 48 pp., 1931. 
Soybeans for Sheep 
w. G. KAMMLADE 
Assistant Chief in Sheep Husbandry 
§ HEEP consume relatively large amounts of roughage compared with grain. Breeding flocks may be fed for long periods on good-
quality roughages, without the use of concentrates. For fattening 
lam:bs that are on full feed, the amount of grain used seldom exceeds 
the amount of roughage. 
The requirement of sheep for roughage should be kept in mind in 
considering the best methods of utilizing a part of the soybean crop for 
maintaining or fattening them. 
Soybean Hay Good Single Roughage for Ewes 
A large part of the feeding value of the soybean plant is found in 
the leaves, and these as well as the seed may be used if the crop. is 
harvested for hay. Experimental tests, as well as observations of many 
farmers, have shown the suitability of soybean hay for all classes of 
sheep. 
Fed to breeding ewes, soybean hay has given results at the Illinois 
Station equal to those secured with alfalfa. Lambs from a lot of ewes 
fed only soybean hay until after lambing were equal in size and vigor 
at birth to lambs from ewes fed only alfalfa hay. The two lots of ewes 
showed no noticeable differences in weight, vigor, health, or milking 
qualities. The ewes fed soybean hay were given an average of 3.77 
pounds per head daily, of which 15.2 percent, consisting mainly of 
stems and some weeds, was weighed back as refuse. The alfalfa lot was 
given 3.12 pounds of hay per head per day, of which 1.7 percent was 
left as waste feed. Thus the actual consumption of hay in the two lots 
was approximately the same. The lots consisted of 25 ewes each. 
Soybean hay was found, at the Iowa Station, to compare "most 
favorably with alfalfa hay in feeding value" for pregnant ewes. 
Any general comparisons that are made of soybean hay and alfalfa 
hay can, however, be considered only more or less close approximations, 
since there are great differences in the varieties of soybeans that may 
be used for hay. Without in any way detracting from the value of soy-
bean hay, it may be pointed out that digestion trials with sheep at the 
Illinois Station show that with the exception of ether extract (fat), 
which is of insignificant value in the feeding of roughages, all the 
nutrients of alfalfa hay are digested to a considerably greater extent 
than are those of soybean hay. 
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A satisfactory method of feeding the breeding flock is to make soy-
bean hay the basis of the ration and then use other roughages, such as 
oat straw, corn fodder, corn silage, or cornstalks in the field, to the 
extent to which the sheep will consume them. Sheaf or bundle oats are 
also a very good feed. 
It is advisable to begin feeding some grain about one month before 
lambing even tho soybean hay is being used to a large extent. 
Soybean Hay Good for Fattening Lambs 
The value of soybean hay as a roughage for fattening lambs has 
been demonstrated by careful experiments as well as by actual practice. 
Very satisfactory results have been obtained with soybean hay when 
This group of lambs was fed shelled corn and soybean hay. In addition to 
making good gains the lambs sold for the top price when marketed. 
fed in comparison with alfalfa hay at the Illinois Station, as may be 
noted by the data from three such tests shown in Table 14. The 
chief difference between the two hays is the greater amount of refuse 
from the soybeans. 
Soybean hay was tested in comparison with clover hay for fattening 
lambs in four trials at the Purdue Station. The rations consisted of 
shelled corn, cottonseed meal, corn silage, and one of the above hays. 
The results as a whole were slightly in favor of clover hay, the gains 
being a little l_arger when it was a part of the ration. Not all the tests, 
however, showed this to be the case, and aside from the fact that the 
lambs refused more of the soybean hay than of the clover hay, the 
results may be considered as showing the two hays of practically equal 
value. · · 
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TABLE 14.-RESULTS WITH SHELLED CORN AND SOYBEAN HAY OR 
ALFALFA HAY FOR FATTENING LAMBs1 
(Weights expressed in pounds) 
Amounts of feed per day Amounts of feed per 100 pounds gain Trial 
No. Corn Soybean hay 
Average 
daily gain Corn Soybean hay 
1. ........... . 
2 . .• •• •.•...•. 
3 ............ . 
Average .. .... . 
1.12 
1.10 
1.10 
1.11 
1. 74 
1. 51 
1.83 
1.69 
.33 
. 31 
.36 
.33 
337 
361 
301 
333 
Fed 
524 
495 
502 
507 
Consumed 
396 
393 
426 
405 
Corn Alfalfa hay Corn Alfalfa hay 
Fed 
1... .. . . .. . . . . 1. 09 1.45 . 34 323 431 
2. .. .. .. .. . . .. 1.16 1.34 .32 365 418 
3... . . . ... .. . . 1.10 1.46 . 32 341 449 
Average. . . . . . . 1. 12 1 . 42 . 33 343 433 
1Data compiled from Illinois Station Bulletins 260, 1925; and 338, 1929. 
Use Finest Soybean Hay for Young Lambs 
Consumed 
396 
381 
435 
404 
The value of soybean hay as a feed for young lambs has received 
little study. In a test at the Illinois Station soybean hay of choice 
quality fed with ground corn and oats resulted in as much growth as 
the same grains fed with alfalfa hay. Only the finest leafy hay, how-
ever, is suitable for little lambs. 
Soybean Straw a Low-Quality Feed 
Soybean straw may be fed to sheep but it has relatively little value, 
the more palatable and nutritious portions-the beans and leaves-
having been removed. The coarse, fibrous stems contain relatively small 
amounts of digestible nutrients. 
As a feed for breeding ewes, soybean straw apparently has less than 
a third of the value of soybean hay. Some use may be made of it, but 
when it is the only feed given in large amounts, results will be poor. 
For fattening lambs soybean straw has been found at the Illinois and 
Ohio Stations to have only about a third the value of soybean hay or 
clover hay. This is true even tho protein supplements are used as a 
part of the grain ration. 
Both Beans and Oil Meal Are Good Supplements 
If not used in too large quantities, whole or ground soybeans are a 
good supplement for fattening or growing lambs. They are especially 
useful for ewes provided legume hays are not fed in liberal amounts. 
They are most palatable when fed whole; if ground, they should be 
mixed with other grains. 
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Soybean oil meal is palatable to all classes of sheep and probably 
is of higher value than the beans. 
Feeding experiments at Illinois and Purdue have shown that there 
is little difference in the value of whole beans as compared with 
ground beans for sheep, or of soybean oil meal as compared with 
cottonseed or linseed meals. As a protein supplement soybean oil meal 
is probably fully equal to the more widely known supplements in pala-
tability and in production of gains. Hence in many cases it may be a 
saving to use soybean oil meal. 
Some Suggested Rations for Sheep 
The following rations will suggest how the soybean crop may be 
used to advantage in sheep feeding. These rations may be modified in 
various ways to make them fit individual conditions. The amounts in-
dicated are for a day except in the case of young lambs, where small 
amounts of the mixtures indicated are sufficient. 
· Breeding Ewes 
Ration 1 
Soybean hay ............... . .... 4 lbs. 
Ration 2 
Soybean hay ... . ... . .. . .. . ... . .. 3 lbs. 
Sheaf oats ... . . . ................ 1 lb. 
Ration 3 
Soybean hay .... . . .... ....... . 3 .0 lbs. 
Corn silage . . .. . ...... .... .... 2 . 5 lbs. 
Ration 4 
Soybean hay . .... . . .. .. . . .... . . . 3 lbs. 
Oat straw, corn fodder, etc., as desired 
Ration 5 
Soybean hay ....... . .. ... . .. . . 3. 5 lbs. 
Oats and corn . . . . . . . . . . . . . . . . . . 5 lb. 
(equal parts) 
Ration 6 
Carbonaceous hays . .. . .. . . .. . 3 . 0 lbs. 
Soybeans or soybean oil meal . . . 25 lb. 
Whole oats. . . . . . . . . . . . . . . . . . . 50 lb. 
Young Lambs 
Ration 1 Ration 2 
Ground corn . ................ . . . 2 lbs. 
Ground or whole oats ......... . .. 2 lbs. 
Ground corn } ... .. . equal parts 
Ground or whole oats by weight 
Wheat bran . . ... .. .. . .......... 1 lb. Leafy soybean hay 
Soybeans or soybean oil meal . .... 1 lb. 
Leafy soybean hay (free-choice) 
Fattening Lambs 
Ration 1 Ration 3 
Shelled corn . ............ .. .. 1. 25 lbs. Shelled corn . .. . ...... . .. .. . . 1 . 00 lb.' 
Soybean hay .. ......... . ..... 1. 5 lbs. Soybean oil meal. . . . . . . . . . . . . . 20 lb. 
Soybean hay ... . . .... . .. . .. . . 1 . 00 lb. 
Corn silage . . ....... . .. .. . . . . . 75 lb. 
Ration 2 Ration 4 
Shelled corn .. . .............. 1. 00 lb. Shelled corn . . . . . . . . . . . . . . . . . . 5 lb. 
Soybeans or soybean oil meal. . . 20 lb. 
Legume or mixed hay . . . ... . . . 1 . 5 lbs. 
Oats . . . ......... ..... .. .. .. .. 5 lb. 
Soybean oil meal. . . . . . . . . . . . . . 25 lb. 
Carbonaceous hay . .. ...... . .. 1 . 25 lbs. 
Soybeans for Horses and Mules 
J. L. EDMONDS 
Chief in Horse Husbandry 
C. w. CRAWFORD 
Associate 
Soybean Hay Excellent Roughage for Work Animals 
AS A FEED for horses and mules, soybeans have been used 
.fi.._ mostly as roughage. Rations of soybean hay and corn, or soy-
bean hay, corn, and oats have been reported by many Illinois 
farmers as very satisfactory for work animals. In no case did oats 
constitute more than half the grain ration, and generally they were less 
than half. 
Soybean hay has proved an excellent roughage for fattening mules. 
Mules fed on it finish with exceptionally smooth coats of hair. 
Soybean hay appears to be fully as valuable as clover and alfalfa on 
the basis of digestible nutrients. There is more waste with soybean 
hay, however, than with alfalfa, owing to the coarser and more woody 
stems of the soybean plant. Yet such waste is not so great as it might 
seem, since only the poorer parts of the hay are refused. 
So far as can be judged from chemical analysis, soybean hay is 
equal to alfalfa and clover in mineral content also. 
Growing Colts Make Good Use of Hay 
Properly supplemented, soybean hay is also a satisfactory roughage 
for growing draft fillies. In tests at this Station it proved equal to 
alfalfa for this purpose. As weanlings a group of ten fillies made good 
gains in height and frame and kept thrifty on approximately 8 pounds 
each of sheaf oats and soybean hay daily and 2.3 pounds of grain. The 
second winter their daily consumption was over 9 pounds each of sheaf 
oats and soybean hay and 3.41 pounds of grain. These amounts pro-
duced good gains in height and frame and kept the fillies in thrifty 
condition. At no time was a filly off feed. At the end of the experiment 
the fillies, all in medium condition and four of them not yet two years 
old, averaged 1,484 pounds in weight and 15 hands 3.4 inches in height. 
Straw Ranks With Timothy and Oat Straw 
Nearly every farmer who has had any amount of soybean straw 
has fed some of it to his horses. It is a very satisfactory roughage for 
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Soybean hay and sheaf oats make a good winter ration for growing colts. 
The choice two-year-old Percheron fillies shown above were grown on such a 
ration. 
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wintering idle work horses and mules. Other straws may be fed with 
it, and also a little grain if conditions necessitate it. 
Soybean straw has only a slightly lower feeding value than timothy 
hay, containing 5 pounds less digestible nutrients per 100 pounds of 
feed. The nutritive ratio of the two feeds is about the same. Timothy, 
however, being finer is usually eaten up cleaner. 
Soybean straw and oat straw are about equal in total digestible 
nutrients. Considered on a tonnage basis, oat straw may rate higher 
when fed to mature idle animals, for a considerable portion of the soy-
bean straw is wasted because of its coarse, woody character, while oat 
straw, if of good quality, is eaten closely. Under ordinary farm con-
ditions, however, where horses are allowed to pick over the straw and 
the uneaten part is used for bedding, the soybean straw seems to be 
the better feed. 
Little Use for Beans 
Very little use has been made of the beans as a concentrate for 
horses and mules, and it seems improbable that their use in this way 
will increase much, if any. Farm horses in most instances do not re-
quire a high-protein concentrate. This is particularly true when the 
crop rotation includes a sufficient acreage of legume hays. Some farm-
ers have reported that a small amount of beans in the spring seems · to 
aid in making a horse's hair smooth and sleek. 
Soybean seed is a very concentrated feed. In digestible crude pro-
tein it is equal to linseed oil meal, and in quality of protein it is super-
ior, containing more of the amino acids, which are necessary for 
growth. There is over twice as much digestible fat in the soybean as 
in linseed oil meal. Soybean seed contains considerably more lime and 
phosphoric acid than corn or oats but not so much as linseed oil meal. 
Soybean Crop Has Limited Use in Rations 
for Swine 
w. E. CARROLL 
Chief in Swine Husbandry 
Use of Beans Should Be Confined to Brood Sows 
§ OYBEANS have a very limited use in swine feeding owing to their damaging effect o~ the quality of the pork produced. Studies 
at the Illinois Station have given much encouragement, however, 
to the possibility of making liberal use of this crop in the rations of 
brood sows. The tests with brood sows were undertaken when it be-
came evident that under present methods of pork production no appre-
ciable proportion of the soybean crop can be fed to fattening hogs with-
out endangering the quality of the pork and lard produced. They have 
included both pregnant and lactating sows fed in dry lot and on pasture. 
The results to date indicate that soybeans when fed with an other-
wise suitable ration are a satisfactory source of protein for developing 
pigs before birth and for stimulating a generous flow of milk in the 
sow during suckling period. The beans were fed unground and made 
up approximately 11 percent of the ration, or very close to 1 pound of 
beans daily per head, sufficient corn being fed to keep the sows in the 
desired condition. The sows weighed approximately 500 pounds each. 
During the progress of the work the interesting observation was 
made that somewhat less corn was required by the sows receiving a 
given amount of protein in soybeans than was needed by sows receiving 
Because of the detrimental effect of soybeans on the quality of pork when 
they are fed to fattening pigs, brood sows seem to offer the most satisfactory 
outlet for the crop in swine rations. 
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the same amount of protein in tankage. This is not surprising as the 
dry substance · of soybeans contains more than SO percent of organic 
matter other than protein, most of which can be used in the body as a 
substitute for corn, while such material represents only about 17 per-
cent of the dry matter of tankage. 
There is no reason to suspect that soybeans fed to a brood sow will 
exert any detrimental effect upon the quality of pork produced by the 
pigs she raises. Definite observations have been made on this point 
which substantiate the truth,of this statement.1 
Unless further study modifies the interpretation of these findings, 
there is thus presented to the swine grower, in most sections of the 
corn belt at any rate, the opportunity of growing the protein needed by 
his brood sows during gestation and the time they are suckling their 
litters. A wide use of soybeans for this purpose, with pasture when 
available, should materially improve the condition of the majority of 
brood sows, as the tendency is to feed too little protein when it must be 
bought in high-priced feeds. The better state of nutrition of the brood 
sows will without question be reflected in stronger, more vigorous pigs 
which will be better able to survive the hardships of the early days of 
their lives. 
It is well known that soybeans are deficient in minerals. Brood sows 
that must depend on them for their protein should therefore be given 
access to additional -minerals. A simple mixture composed of 2 parts 
ground limestone, 2 parts bone meal, and 1 part salt has given good 
results. 
Soybean Pasture and Soybean Hay for Hogs 
The few tests that have been made of soybeans as a pasture crop 
for hogs indicate that they do not excel for this purpose. The growth 
of the plant is stopped as soon as its branches are eaten, and the waste 
incident to grazing is high because of the tangled nature of the crop. 
The value of soybean hay in swine rations has not received any 
extensive study. Only relatively small amounts of the best hays, how-
ever, can be utilized by swine. The value of alfalfa hay for brood 
sows in dry lot and in smaller amounts for fattening pigs has been 
definitely demonstrated. The substitution of soybean hay of good 
quality for alfalfa hay in the winter ration of brood sows appears safe 
from the few tests that have been conducted on the question. Whether 
soybean hay can replace alfalfa hay in the dry-lot ration of fattening 
pigs remains to be tested. 
1Illinois Station Bulletin 366, 1931. 
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Beans Unpalatable to Pigs 
That soybeans are unpalatable to pigs is evident from the reluct-
ance with which pigs eat them at first. This is illustrated by a test at 
the Illinois Station in which whole soybeans were fed free-choice with 
shelled corn to 20 pigs on bluegrass pasture. 
During the first 28 days of the test the entire 20 pigs ate only IS 
pounds of the beans. During the next two weeks, however, these same 
20 pigs ate over 200 pounds of beans. Their craving for protein finally 
triumphed over their dislike of soybeans. The average daily consump-
tion of beans during the 118 days of the test was just over a pound per 
head. 
Pigs that are kept for considerable time on a ration of corn and 
soybeans indicate their dislike for beans by reducing their total feed 
intake, which results in abnormally slow gains. In the experiments at 
this Station in which soybeans have been compared with tankage as a 
supplement to corn for fattening pigs, the soybean-fed pigs have in all 
cases finished more slowly than those fed tankage.1 
The few tests that have been made to determine the relative pala-
tability and feeding value of different varieties of soybeans are too 
conflicting to warrant consideration at this time. 
TABLE 15.-VALuE OF CooKING SoYBEANs WHEN FED WITH CoRN AND 
MINERALS TO FATTEN PIGS IN DRY LOT1 
(Weights expressed. in pounds) 
Lot 1 Lot 2 Lot 32 Lot4 
Corn, Corn, Corn, Corn, 
tankage, ground cooked cooked 
ground soybeans, soybeans, soybeans, 
alfalfa, ground ground ground 
minerals alfalfa, alfalfa, alfalfa, 
minerals minerals minerals 
Number of pigs .......................... 7 7 7 7 
Number of days on feed ............. .. ... 168 210 210 133 
Average initial weight . . .............. . ... 44 45 45 45 
Average final weight . .................... 217 198 247 213 
Average daily gain ................. ... ... 1.03 . 73 .96 1. 27 
Daily feed per pig 
Corn ................................. 3.58 2. 75 2. 76 3 . 27 
Supplement. . .................. . ... . .. .30 .56 .55 . 71 
Ground alfalfa ...................... . . .12 .11 .11 .13 
Minerals .............................. .06 .09 .09 .11 
Total .............................. 4.06 3 . 51 3.51 4.22 
Feed for 100 pounds gain 
Corn .. . .......................... .... 348 377 287 258 
Supplement. .......................... 29 77 57 56 
Ground alfalfa ........................ 12 14 12 10 
Minerals ............................ .. 6 12 9 9 
Total .............................. 395 480 365 333 
•From Ohio Station Bulletin 452, 1930. tTotal feed allowance was limited to amount taken by 
the group fed ground soybeans; the other three groups were full-fed twice daily. 
1Illinois Station Bulletin 366, 1931. 
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Cooking Makes Beans More Palatable 
Much better results can apparently be expected from cooking soy-
beans than from grinding them. The Ohio Station reports an interest-
ing comparison of these two methods of preparation (Table 15). The 
test was unusual in that two of the lots of pigs were fed the same 
amount of feed each day during the test of 30 weeks, the only differ-
ence being that the soybeans fed one group were cooked, while those 
fed the other were raw. Cooking the 116 pounds of soybeans fed each 
pig in this test made 49 pounds more pork than were made from the 
same amount of the raw bean ration. 
Cooking the beans stimulated the appetites of the pigs, as shown 
by the increased feed consumption in Lot 4, which was fed twice daily 
a limited amount of cooked soybeans and all the other feed the pigs 
would eat. The increased gain of this group is very noticeable, es-
pecially when compared with the group receiving raw beans. The more 
rapid gain of Lot 4 pigs was accomplished at a saving of over 30 per-
cent in feed for a unit of gain. The cooked bean ration when full fed 
proved even superior to corn and tankage. 
Age of Pig an Important Factor 
Probably the factor of greatest influence upon the value of soybeans 
for fattening pigs is the age of the animal. Shotes, after they reach a 
weight of 100 pounds, make very much better use of soybeans than do 
younger pigs. This fact was not realized during the early studies of the 
value of soybeans. 
An illustration of this point is furnished by two groups of experi-
mental pigs fed at this Station in 1920. One lot of pigs averaged 55 
pounds in weight at the beginning of the test and were fed a ration of 
yellow shelled corn and ground soybeans free-choice in dry lot. Three 
of the pigs died, apparently because of the unsatisfactory character of 
the ration, and those remaining became so unthrifty that tankage was 
added to their ration and they were finally turned on pasture. A group 
of 20 older pigs weighing 99 pounds at the time they went on feed were 
carried in dry lot with no losses to 226 pounds and made reasonably 
satisfactory gains on a ration of corn and soybeans. Further evidence 
on this point is given in Ohio Station Bulletin 452, published in 1930. 
Soybeans Deficient in Minerals 
That soybeans are deficient in minerals, especially calcium, from a 
feeding standpoint is now well known. The addition of minerals to a 
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TABLE 16.-EFFECT OF ADDING MINERALS TO A RATION OF CORN AND SOYBEANS 
FOR FATTENING PIGS IN DRY LOT AND ON PASTURE1 
(Weights expressed in pounds) 
Dry lot Pasture 
Lot 1 Lot 2 Lot3 Lot4 LotS Lot6 
Corn, Corn, Corn, Corn, Corn, Corn, 
tankage soybeans soybeans, tankage soybeans soybeans, 
minerals minerals 
Average daily gain .......... 1. 61 1.31 1.52 1.65 1.50 1.62 
Average daily ration 
Corn ................. . .. 5 . 51 3.98 4 . 73 5 . 48 4 . 77 5.26 
Supplement .............. .53 1.15 .96 .43 .64 .42 
Mineral . ............... . .11 .10 
Total ................. 6 . 04 5.13 5.80 5.91 5.41 5. 78 
Feed for 100 pounds gain 
Corn .................... 342 304 311 332 318 325 
Supplement. ............. 33 88 63 26 43 26 
Mineral ................. 7 6 
Total . ................ 375 392 381 358 361 357 
1Average initial weight of pigs, 74 pounds; average final weight, 216 pounds. Rations self-fed 
free-choice; 10 pigs to each lot in each trial. Average results of three trials (1922, 1923, 1924), Indiana 
Station (Summary H-8, November 1924). 
ration of corn and soybeans apparently makes it more palatable to pigs. 
The resulting higher feed intake naturally produces more rapid and, in 
general, more economical gains. 
The addition of minerals is of less importance on pasture than in 
dry lot, doubtless because of the minerals present in the forage. The 
saving from feeding minerals is at best, however, relatively small. 
Work at several stations supports these conclusions, the summary 
presented in Table 16 being reported by the Indiana Station. 
From these data it would seem that pasture, in addition to supple-
menting the mineral deficiencies of soybeans, must improve the ration 
from other standpoints as well. At any rate, there was less difference 
in rate of gain and feed consumption between the pigs fed tankage and 
those fed soybeans on pasture than there was in the dry-lot experi-
ments. 
Work done at the Illinois Station indicates that for the purpose of 
supplementing such rations, a simple mineral mixture is satisfactory. 
One composed of 2 parts ground limestone, 2 parts bone meal, and 1 
part salt has given excellent result~. 
Not Necessary to Grind Soybeans 
In the early studies of the value of soybeans for hogs it was 
thought necessary to grind the beans for best results. When tested by 
actual experiments, however, grinding was found to be of no value. 
This is shown by data from the Ohio Station given in Table 17. Grind-
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TABLE 17.- VALUE OF GRINDING SOYBEANS FOR FEEDING WITH CORN AND MINERALS 
TO FATTENING PIGS IN DRY LoT: FEEDS FED FREE-CHOICE, 
5 PIGs IN EACH LoT1 
(Weights expressed in pounds) 
Ratio of supplement to corn consumed .. . . . . 
Average initial weight ........ . .... .... . .. . 
Average final weight . . . . .......... . ..... . . 
Average daily gain ...... .. .. . . . ......... . 
Daily feed per pig 
Corn ... ... ...... .. . .. . ... ... .. .. . . . .. . 
Supplement. ... . ... . ....... . . . .. .. .... . 
M inera ls ..... .. .... . ... . . .. .... . .. . .. . 
T otal. . ....... .. .. . ... . .... . .. . .... . 
Feed for 100 pounds gain 
Corn ........ . . .. . .. ... . ....... . .. .. .. . 
Supplement . .... . ... .. .... .. ... . ... . .. . 
M inerals . ................ . .. . ... . .. . . . 
T otal . .. ..... . .. . ... . ......... . . . .. . 
IFrom Ohio Station Bulletin 452, 1930. 
Lot 1 
Shelled corn, 
tankage, 
minerals 
1:22.4 
121 
223 
1.83 
7.67 
.34 
.04 
8.05 
418 
19 
2 
439 
Lot 2 
Shelled corn, 
whole soybea ns, 
minerals 
1:17 . 8 
122 
230 
1.93 
7 .30 
.41 
. 09 
7.80 
378 
21 
5 
404 
Lot 3 
Shelled corn, 
ground soybeans, 
minerals 
1:15.0 
118 
217 
1. 76 
6 . 86 
.46 
.06 
7 . 38 
390 
26 
3 
419 
ing soybeans may, in fact , be a positive disadvantage in hot weather 
because the oil of the beans, being thus exposed to the action of bac-
teria and the air, turns rancid and becomes unpalatable. 
The Soft-Pork Objection to Soybeans 
If rate and economy of gain were the only points to be considered 
in feeding soybeans to pigs, the Ohio results just given would be very 
satisfying. ·Soybeans are known, however, to produce an inferior 
quality of pork with a soft or oily texture which is discriminated 
against on the market. Work at the Illinois Station1 has indicated 
rather definitely that this is due to the oil of the soybeans. Cooking 
the beans does not change the amount of oil they contain, nor its 
physical or chemical properties, so the process cannot be expected to 
overcome this serious objection to the use of soybeans in the ration of 
fattening swine. 
The most serious angle of the soft-pork situation is the fact that 
soft hogs cannot be recognized while alive. If this were possible they 
could be paid for according to their value in comparison with hogs that 
will kill firm. Some pork producers are inclined to take advantage of 
this situation. To do so, however, is a short-sighted policy which may 
react to the detriment of an entire neighborhood. If soft hogs continue 
to arrive in slaughter plants in any numbers from a given area, their 
source will soon be detected. Once this occurs, all hogs from the region 
lFor a more detailed discussion of this question see Bulletin 366 of this Station, "Effect 
of Soybeans and Soybean Oil Meal on Quality of Pork," 1931. 
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will be purchased on the assumption that they will kill soft, just as 
southern hogs are discriminated against for the same reason and as a 
lower price is now paid for hogs from areas where tuberculosis is 
particularly prevalent. Ordinarily the central markets place a penalty 
The effect on resulting pork and lard of feeding soybeans to hogs is shown 
above. In these experiments soybeans generally produced carcasses lacking in 
firmness. Tankage or soybean oil meal generally produced firm carcasses. The 
loin, belly, and lard at the left are from hogs that were fed corn, soybeans, and 
· alfalfa meal; at the right, from hogs fed corn, soybean oil meal, and alfalfa 
meal. The loins and bacon bellies had been in a cooler 'at 32° and 34 o F. for a 
week before the photographs were taken. The lard was photographed after it 
had been exposed to room temperature, 70° F., for two hours. 
of one to three dollars a hundredweight on hogs suspected of being 
soft. The profits in pork production are not usually large enough to 
carry so severe a tax. 
The results of one test at the Illinois Station will serve to illustrate 
the effect of soybeans on the quality of carcass. The ration fed one 
group of 20 pigs was balanced with tankage, while soybeans were 
used to supply a similar amount of protein to a second group of 20 
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pigs. Because the feeding was done in dry lot, a small amount of 
alfalfa meal was added to the rations. The average initial weight of 
the pigs was 64 pounds. Each pig was removed from the test and 
slaughtered as it reached a weight of 225 pounds. The carcasses were 
graded for firmness, four grades being used; hard, medium-hard, med-
ium-soft, and soft. All the carcasses from the tankage-fed pigs graded 
hard, while 16 of the soybean carcasses graded soft and the other four, 
medium-soft. 
That it is the oil of the beans that causes the carcasses to be soft 
is indicated by the fact that 20 ·similar pigs fed corn and soybean oil 
meal produced carcasses of satisfactory quality, 15 grading hard and 5 
medium hard. 
The futility of reducing below the damaging point the proportion 
of soybeans fed is indicated by the fact that approximately 20 percent 
of beans are required to balance a corn ration from the standpoint of 
protein, while the equivalent of 12 percent of beans fed in the Illinois 
tests still produced soft pork. Neither does it seem feasible, according 
to these experiments, to feed the beans only during the beginning or 
toward the close of the fattening period, as the length of time they may 
safely be fed at either stage is apparently too short to be of practical 
importance. 
The practice of planting soybeans with corn for hogging down is 
one upon which opinions differ. The tests which have been conducted 
show that soybeans so planted reduce the yield of corn. The degree of 
this loss seems to depend upon maJ?.y factors among which are the 
fertility of the soil and the yield of beans. The wisdom of this mixed 
planting from the standpoint of pork production is not well established. 
The Missouri Station1 has reported the results of a five-year test of the 
method from which the following statements are quoted: 
"1. Hogs harvesting corn and soybeans produced more pork per acre, made 
more rapid gains and required less feed per 100 pounds gain than did hogs 
harvesting corn alone. 
"2. More pork was produced per acre, gains were more rapid and less feed 
was required per 100 pounds gain with corn and tankage than with corn and 
soybeans. 
"3. The corn and tankage combination produced more pork per acre, made 
more rapid gains with a smaller feed requirement per 100 pounds increase in 
live weight than did the combination of corn, soybeans, and tankage, indicating 
that soybeans will not entirely take the place of tankage if planted in corn to 
be hogged off." 
As the quality of pork of soybean-fed pigs seems to depend chiefly 
upon the proportion of beans in the ration and the length of the feeding 
period, it is conceivable that the presence of soybeans in the cornfield 
1Missouri Station Bulletin 224, 1924. 
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may not endanger the quality of pork produced from hogging down 
the crops. Where this is true, the explanation is doubtless to be found 
in the short time the pigs are "exposed" to the beans and the small 
proportion of beans they actually consume owing to their dislike for 
them. 
Summary 
1. Because of their detrimental effect on the quality of pork pro-
duced, soybeans should not be used at all extensively in rations of 
fattening hogs. Even aside from this soybeans are not a satisfactory 
supplement to corn for pigs weighing much less than 100 pounds. 
2. Soybeans have been successfully fed to brood sows both during 
gestation and lactation. 
3. The practice of planting soybeans in corn for hogging down 
seems to have little to recommend it. 
4. Soybeans do not make a satisfactory pasture crop for swine. 
5. Soybean hay of good quality has been successfully fed to brood 
sows in dry lot and may later be found useful in the dry-lot ration of 
fattening pigs. 
6. Soybean oil meal, as pointed out in the next section, pages 39 to 
41, is an excellent protein supplement for all classes of swine. 
7. The addition of a simple mineral mixture to swine rations supple-
mented with either soybeans or soybean oil meal is advisable. 
Objections to Beans for Fattening Swine Do 
Not Apply to Soybean Oil Meal 
w. E. CARROLL 
T HE CHARACTERISTIC of soybeans that makes them com~ mercially desirable-a high oil content-is a definite handicap to their general and extensive use in swine feeding, as has been 
pointed out in the preceding discussion. The residue after the · oil has 
been removed, is more palatable to pigs and is not detrimental to the 
quality of the pork and lard produced. The meal has been fed to a 
limited extent in both practical and experimental rations for several 
years. Its composition as given in Table 1 is such that 100 pounds 
contains as much protein on the average as 62 pounds of tankage or 
114 pounds of soybeans. 
Soybean Oil Meal As Only Supplement 
The results of experiments in which soybean oil meal was used as 
the only protein supplement for fattening swine have been summarized 
in Table 18. Dry-lot and pasture tests have been summarized separately, 
TABLE 18.-COMPARATIVE VALUES OF SOYBEAN OIL MEAL AND TANKAGE AS 
PROTEIN SUPPLEMENTS IN RATIONS OF FATTENING SWINE 
(Weights expressed in pounds) 
Light pigs Heavy pigs 
On pasture! In dry lot in dry lot• 
Corn, Corn, Corn,2 Corn,2 Corn, a Corn,a Corn, Corn, 
tankage soybean tankage soybean tankage soybean tankage soybean 
oil meal oil meal oil meal oil meal 
--- ------------------
Number of trials . . .... 3 3 10 10 4 4 3 3 
Number of pigs .... ... 19 19 69 69 50 50 30 30 
Length of test, days . .. 114 114 143 140 90 105 66 70 
Average initial weight .. 54 54 53 53 67 67 108 108 
Average final weight. .. 204 205 213 205 210 207 233 233 
Average daily gain ..... 1.32 1.33 1.12 1.08 1.60 1.38 1.88 1. 78 
Average daily ration 
Corn ... ... ... .. .... 4.31 4.20 4.09 3. 71 5.74 4.89 6.64 6.37 
Supplement .......•. .25 .46 . 39 . 51 .59 .82 .60 .84 
Total ............ 4.56 4.66 4 . 48 4.22 6 .33 5. 71 7.24 7. 21 
Feed for 100 pounds gain 
Corn . .............. 325 312 367 343 361 358 353 358 
Supplement ......... 18 34 35 48 37 59 32 47 
Minerals ........... . .. 5 9 1 6 3 4 
Total. . .......... 343 346 407 400 399 423 388 409 
!Average of 2 trials from Missouri (Station Bulletin 266, 1929) and 1 from Ohio (Station Bulletin 
349, 1921). 2Average of 10 trials from Ohio (Station Bulletin 452, 1930). aAverage of 3 trials from 
South Carolina (Station Bulletin 234, 1926) and 1 from Illinois. •Average of 3 trials from Indiana 
Station (Summary H-8, November, 1924). 
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as have also those in which heavy and light pigs were fed, in an attempt 
to discover if there is some one set of conditions under which it could 
be most profitably fed to swine. 
A study of the table fails to disclose any outstanding differences 
in either rate or economy of gain of the comparable groups of pigs 
that can be ascribed to the rations fed. In all the dry-lot summaries 
the gain of the tankage-fed pigs was slightly more rapid than the gain 
of the pigs fed soybean oil meal; on pasture the gains were equal. Just 
why the soybean oil meal should have made such a relatively poor 
showing in the South Carolina-Illinois summary is not clear. Pigs of 
somewhat similar weight fed at Ohio did not show as great a difference 
in favor of tankage. While the gains of the heavy pigs in dry lot (last 
two columns of the table) were somewhat faster on the tankage ration 
than on the other, it is questionable if the difference is significant. 
The greatest difference in feed consumption for a unit of gain is 6 
percent,. which is too small to be significant. 
Neither the age of the pigs nor the use of pasture in the ration 
seems to affect the value of soybean oil meal, compared with that of 
tankage, as a supplement to corn for fattening pigs. 
Oil Meal Worth Two-Thirds to Three-Fourths As Much 
As Tankage for Fattening Pigs 
Considering only the replacement of feed by soybean oil meal, with-
out reference to differences in rate of gain, 100 pounds of the meal in 
the Missouri-Ohio pasture tests (Table 18) replaced 53 pounds of 
tankage and 38 pounds of corn. Seventy-three pounds of tankage and 
50 pounds of corn were replaced by 100 pounds of meal in the ten dry-
lot trials at Ohio. In the South Carolina-Illinois dry-lot tests 100 
pounds of oil meal saved 63 pounds of tankage. With the heavy pigs 
in dry lot at Indiana the replacement was 68 pounds of tankage. 
When fed as the sole supplement to corn in place of tankage, soy-
bean oil meal is worth possibly two-thirds to three-fourths as much as 
tankage per · pound, these summaries indicate. As would be expected, 
the consumption of mineral was consistently higher when soybean oil 
meal was fed than when the ration was supplemented by tankage. 
In some of these tests the soybean oil meal was fed free-choice 
with corn; in others the two feeds were mixed in definite proportions. 
The methods seemed to be equally satisfactory. Pigs cannot always be 
depended upon to balance their own ration, and so the amount of 
supplement consumed when it is offered free-choice should be watched 
closely. 
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Soybean Oil Meal As Part of Supplement 
The possibility of using soybean oil meal in place of linseed meal 
m the Wisconsin mixed supplement (tankage 2 parts, linseed meal 1 
art, and alfalfa meal 1 part) has not been studied extensively. The 
experience of a considerable number of farmers in Illinois indicates 
hat this substitution can be made without interfering with the value 
of the supplement. 
No satisfactory method has been found for utilizing soybeans to any extent 
in the ration of fattening swine without endangering the quality of pork pro-
duced. Soybean oil meal, on the other hand, can safely be fed. 
Soybean oil meal contains, of course, only the minerals that were 
originally present in the beans. It would be the part of wisdom, there-
fore, to give the pigs access to a mineral mixture whenever soybean 
oil meal is used as the only protein supplement or even the major part 
of the supplement. A mixture composed of 2 parts limestone, 2 parts 
bone meal, and 1 part salt will be found entirely satisfactory. 
Soybean Oil Meal for Brood Sows 
While experimental evidence is lacking on the question of feeding 
soybean oil meal to brood sows, there is no reason for questioning the 
value of the meal for this purpose. During the present winter this feed 
has been used at the Illinois Station as a protein supplement for preg-
nant brood sows with entirely satisfactory results so far as can be 
judged to date ( just before farrowing). 
Soybeans for Poultry 
H. J. SLOAN 
First Assistant in Poultry 
Soybean Oil Meal a Good Protein Supplement 
DOR GROWTH and egg production, soybean oil meal supple-Jl 1 mented with sufficient minerals of the right kind appears to be 
about equal to meat scrap and fish meal, somewhat better than 
tankage, gluten feed, and cottonseed meal, and not quite so good as 
dry milk products. 
On the basis of dig~stibility, soybean oil meal is practically as good 
as the other protein supplements commonly used in poultry feeding, 
altho, with the exception of milk, the protein content of soybean oil 
meal is slightly below that of the animal protein supplements. The 
fact that chickens digest only small amounts of fiber probably accounts 
for their inability to digest the proteins of most feeds as fully as they 
are digested by other types of livestock, particularly ruminants. 
Soybean oil meal has an advantage over some other vegetable pro-
tein supplements in apparently not affecting the yolk color of the eggs. 
Deficiency in Minerals Must Be Corrected 
The low mineral content of soybean oil meal, rather than the 
quality of the proteins, has probably been the chief cause in the past 
for the poor results in using this feed for poultry. Most of the common 
animal protein supplements (meat scrap, tankage, fish meal) are rela-
tively high in minerals, whereas cereal grains and legume seeds are 
relatively low. Consequently when vegetable protein supplements are 
used to replace equal parts of the meat scrap or tankage, marked 
reduction occurs in the mineral content of the ration. Since minerals 
are just as important as proteins for growth and egg production, it is 
easy to account for the poor results obtained when soybean oil meal was 
fed without additional minerals. 
In some rations for laying hens and growing chicks better results 
have been obtained by including an animal protein. Very satisfactory 
results, however, have been obtained when soybean oil meal was the 
only protein supplement, provided enough minerals were supplied. 
Supplying the Necessary Minerals 
The minerals that are deficient when a vegetable protein supplement 
is used in poultry rations are calcium, phosphorus, sodium, and chlorin. 
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The calcium can be furnished in bone meal, ground limestone, or oyster 
shell. Phosphorus can be supplied by bone meal and raw rock phos-
phate, and sodium and chlorin in common salt. 
The most satisfactory proportions of these minerals and the proper 
amount of the mixture to be added to rations for growth and egg pro-
duction when soybean oil meal comprises the protein supplement, have 
not been definitely determined. For egg production a mixture of 60 
parts bone meal, 20 parts ground limestone, and 20 parts common salt 
has been commonly used with satisfactory results. Another mixture 
that has given good results is one made of 24 parts ground limestone, 
22 parts bone meal, and 15 parts salt. A mixture of 2 parts bone meal, 
2 parts ground limestone, and 1 part salt has also been recommended. 
Thus there is quite a wide range in the proportions in which the 
deficient minerals may be mixed, but all four must be used in rations 
for laying hens. On the other hand, good growth in chicks has been 
obtained when soybean oil meal was the only protein supplement and 
bone meal and salt .the only minerals added. Good results with chicks 
have also been obtained when a mixture of 60 parts bone meal, 20 parts 
limestone, and 20 parts salt was used. 
For every 5 pounds of soybean oil meal added to the mash, from 
1.5 to 2 pounds of any of the above mixtures (or of bone meal alone 
for chicks) is apparently necessary for the most satisfactory results. 
One should avoid feeding much more than these amounts if oyster 
shell or limestone grits are supplied in separate hoppers at all times, as 
too much mineral in the ration may be as harmful as too little. For 
chicks, additional minerals are not necessary. 
Beans Not So Satisfactory As Oil Meal 
Ground soybeans are not so commonly used for poultry as is soy-
bean oil meal. Mashes containing ground soybeans as the only protein 
supplement have not given as good results, in general, as have mashes 
containing soybean oil meal as the only protein supplement. 
The less satisfactory results with the ground beans may be due to 
the fact that the beans are not so palatable as some other supplements. 
In recent experiments at the Missouri Station much more feed was 
consumed when milk, which is very palatable, was used as the protein 
supplement than when soybeans were used, and egg production was 
much higher on the milk ration. Soybeans are much higher in fat (oil) 
than soybean oil meal, and consequently ground soybeans may become 
rancid more rapidly than the meal, especially in warm weather. When 
the oil in the beans becomes rancid, they become less palatable. On 
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the other hand, chickens seem to eat mashes containing soybean oil meal 
as readily as mashes containing other protein supplements. 
Soybeans are also lower in protein than soybean oil meal and the 
proteins are much less digestible than the proteins of the oil meal. 
Possibly some of the animal protein in a poultry ration may be supple-
mented with soybeans, tho very little work has been done to determine 
to what extent this is practical. 
If ground soybeans are to be used they should be supplemented with 
minerals in the same way in which the meal is supplemented. 
Soybean Hay a Good Green Feed for Poultry 
Freshly cut soybean hay can be used as a green feed to supplement 
poultry rations. It supplies vitamin A, bulk, and succulence, taking 
the place of some of the other common green feeds, such as alfalfa, 
sprouted oats, or grass range, if these are not readily available. 
Soybean hay that has been well cured without excess bleaching can 
be used to advantage, particularly in winter, when other green feeds 
are apt to be scarce. It is most easily fed in racks or baskets hung on 
the walls of the house or from the ceiling. 
Soybeans also make a good summer forage crop for growing chicks. 
Suggested Poultry Rations With Soybean Oil Meal 
The following rations illustrate how soybean oil meal can be used 
in chick and laying mashes: 
Ground yellow corn . ....... ... ...... ... . 
Wheat bran ........................... . 
Wheat flour middlings ............ ..... . . 
Ground wheat ......................... . 
Ground oats (or barley) ................. . 
Meat scrap ............................ . 
Soybean oil meal ...................... . 
Steamed bone meal. .................... . 
Ground limestone (or oyster shell) ........ . 
Salt .. ...... ....... ......... . ......... . 
Chick 
starting mashes 
No. 1 No.2 No.3 
lbs. lbs. lbs. 
46 45 50 
15 
15 
5 
15 
2 
1 
1 
30 
20 
3 
1 
1 
15 
10 
20 
3 
1 
1 
Total. .... .... ...... ... ... ...... . .. 100 100 100 
Laying mashes 
No. 1 No.2 No.3 
lbs. lbs. lbs. 
100 100 125 
100 
100 
200 150 
100 100 100 
50 25 
50 75 100 
10 15 20 
5 7 10 
5 5 5 
520 527 510 
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